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I-TARGETS0O | SSUES

FAST DAMAGE OF TARGETS

A 233J beam: 6,76 MeV/u;RA ; 44
A Target: CurTi

dP~ 10-25mW

Fheamd Fragetd € M
A Degrader : Mg

A Adjustable distance with a
precision < 1um

A Target seriously deformed
quickly -

Plunger sefp at VAMOS

A No problem with 64Ni targets @ 30nA (dP=220 mW) j
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I-TARGETS0O | SSUES

HOW TO EXPLAI N FAST TARGETO0OS DA

Which Effect ?

b o - Mechanicah f abri cati on process, mounting
b -Chemicalh o xi dation, é.
- Equilibrium target heating by the beamnT= f( P.g(© + P nq(l)) <<T;?
- Irradiation by individual iods Tr acks, sputtering ée.

- Phase change of the materlT;; ?

Tracks ..

777777777
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2-THERMAL SPIKE MODEL

TRACK FORMATION BY SWIFT HEAVY IONS:

OBSERVATIONS (METALS & INSULATORS)

A track in a material is a trail of damage resulting franometricdense and shortly created electronic excitation; first observation by
Silk & Barnes, Philos. Mag. 4 (1959) &&yievon M.Toulemonde et al, NIM B277 (2012) 28
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- e - Toulemonde and Studer

e BaJZhang et al. JAP105 (2009)
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(1988) 799
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g, v Wesctet al.Nucl Instr Meth
g 27 B225 (2004) 111

Barbu et aEurophyd. ett
15(1991)3713

Dunlop et al. PhysRev. 76(2007)155403

Veter et aNucl Instr Meth

Ry

Wiesner et al Physica

B141(1998)747
cresemet Are there correlations (track radius,
Dunlop et aNucl Instr Meth . . , .
B146(1998)222 ~—> Sputtering yieldée) wi t
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2-THERMAL SPIKE MODEL

TRACK FORMATION BY SWIFT HEAVY IONS:

OBSERVATIONS AND TENDENCIES

I
Bi 8r 6 | Si0,
tracks 15103
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= L =< sputtering C I
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- energy loss (keV/nm) @® 41
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| | Toulemonde et al, PigsvLett 88 (2002) 057602
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Energy loss (keV/nm) Energy loss (keV/nm) . . .
Bi: CDufouret al, J. Phy€ondendMatter 5 (1993) 4573 0 20 40 60 8
Ti:Dammalet al, RacEff Def Sol. 126 (1993) 111 aFeBAudouaret al, J. Phys. Cowditer5 (1993) 995 dE/dx (keV/n m)

Meftahet al, Phy®RevB 48 (1993) 920
Jensen et &llucl Inst Meth B 146 (1998) 412

cFe Dunlop et al, C. R. Acadi, Paris I, 309 (1989) 1277NLcl Instt Meth B90 (1994) 33
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TRACGKFIORMATIO N QOMPRARED WINFH

METALS, SHM KCOND U CTRRSWNID SN SVICAORS

metals
8 NO Cu, Ag, Pt, NiNb Y,Fe,0;, Meftah et al. Phys.Rev. B48(1993)920
c-Fe  Dunlop et al.Nucl. Instr. Meth. B90(1994)33
,é\ YES Fe Bi. Ti. Co.Zr Si Dunlop et al. Nucl. Instr. Meth. B146(1998)302
E 6 YES amorphous alloys
E
= .
8 4l semiconductors
% NO Si, Geonly with C60
© .
= , YES GeSInP,Sj Ge,
YES amorphous alloys
0 20 40 60 Insulators

Energy loss (keV/nm) Need of a macroscopic description

YES  polymers, ionic crystals, | . experimental results

oxydes(SiO,), et
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2-THERMAL SPIKE MODEL
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Models for the Description of Track
Formation

Christian Dufour and Marcel Toulemonde

Abstract The different models developed to describe track formation induced by
swift heavy ions will be presented. The macroscopic ones are the Coulomb
explosion model, the bond weakening (BW) model. the exciton self-trapping
(STX) model, the concept of reduced electronic energy loss, the analytical thermal
spike model, the IDEA (lonization Diffusion-Explosion-Amorphization) model, the
inelastic thermal spike model (i-TS) and to finish microscopic descriptions using
molecular dynamic (MD) calculations. All the models were applied to describe the
track formation in different kinds of materials (metals, semiconductors or insula-
tors), while additionally the i-TS model and MD calculations were used to describe
the sputtering yield. It will be shown that the initial energy deposition plays an
important role in the different descriptions and that there is no simple link between
the energy deposited in the electronic and later in the atomic system. The large
number of models presented here shows by itself that we are far away from a
complete description of track formation. So the ambition here is just to give a
present status of the different models.
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2-THERMAL SPIKE MODEL

A TRANSIENT THERMAL PROCESS

Time (s) . E_E_T_, In-situ experiments at the energy deposition to target electrons
ing ti SO0 20000
* 1017 Stage 1: Energy deposition on electrons (e) corresponding time QOSQ QC Q0000
2 - generation of primary-electrons Q00000 *TaTaInTs]
o = lonlzation 1017 - 105 s Q0000 ) Q0000
E 10’ creation of a Coulomb field j‘;\:*’j’ ’3’6“533
- (EAW . 5 S
= 7 00200 Q0000
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4 - electron temperature 16 13 Energy diffusion
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Figure from Chapter 2 p. 64, Springer Series in Surface Sciences 61 (2016)
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2-THERMAL SPIKE MODEL

THERMAL SPIKE MODEL

Thermal diffusion and energy transfer

Energy deposited :

electronic subsystem

A on the electrons of the target

A Transfer of the electrons energy to atoms

Such phenomena is mathematically described by 2

coupled equations of energy diffusion on electrons ar ©@ 5= 5 {565 ke @.-Tkat.0)
atOmS 0 electron§l phonon interaction
Inputs of the model: e A R

A BeamenergyanddHdx

A physical parameters of the target

000000
0P 0P 0

A electronphonon coupling strength (free parameter )

atomic subsystem

[C. Dufour et al. Euro Phys. Lett. 45(1999)585]
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A(r;.t)dt

(T, (1;.t)-T(x;.t,))dt

Knowledge of the energy (eV/atom)
or the « temperature »
at each ; and for each 1,




2-THERMAL SPIKE MODEL

INPUTS OF THERMABPIKBVODEL

Specific heat

Projectile ncident ion energy MeV/A 04 Internal Energy = K [ dd&
dE/dx (initial, final, steps) keVA® > > 0,35
0,4 /’\ 0,3 ~
initial t t K o )[ = 025 ~
initial temperature 03 T o0 —_~
Initial value of IE eVl/at > ’ > 0 1’5 -
type (Metal/insulator) 503 R =
electron thermaldiffusityat 300 K cm?/s 05 0,05 e
Minimal electron thermatiffusity ’ 0
at 300 K cma/s 0.2 0 500 1000 1500
T K
electron density 10?2 cm? 0 500 1000 1500 emperature (K)
Temperature (K)
coupling g (initial, final, step) 10 W/cn#/K
Target evaporation ener eV =
- — Thermal Conductivity
Latent heat of melting g 1 000,00 g n.: Z. G.Wang et al, J. P@ysmdendMatter
Latent heat of boiling Jig 6 (1994) 6733
Melting temperature K o g M.Toulemonde et al NIM B277 (2012) 2¢
Boiling temperature K 2100’00
mean ionization potential eV S :
mean mass of one atom g = \ g pTU
solid density g/cnd glo,oo \
Liquid density glcnd X

1,00
0 200 400 600 800 1000 1200 1400
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2-THERMAL SPIKE MODEL

THERMAL SPIKE MODEIOUTPUT

Thermal diffusion and energy transfer

11

electronic subsystem A(I t‘)dt
00 P00 :
oC o000
B —\
L= & el o —
00 9000 / =\Y
2o RO 22 @ g
e e I AR e o mdusem)
electronj phonon interaction g(TE[:l‘j_tJ-T(I'j.ti))d’[ m
cayI-le (k@i e-a.-1) 500 .
00000 00000000 - o
Q00000 Yo 0000 - ¢
00000 QOC~ 00000 S m
DUGG%_» “aq 0000 -3
0000R Q 00 Y0000 Ol
0000~ ©0 000000 Knowledge of the energy (eV/atom) S
atomic subsystem or the « temperature » m
[C. Dufour et al. Euro Phys. Lett. 45(1999)585] at each t; and for each r, =
L/ E”‘
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2-THERMAL SPIKE MODEL

OUTPUTS OF THERMABPIKBVODEL

« SupefHeating» :Fastheating(~ p 1 s)A material is not at equilibrium and its temperature
Increases abovel without melting;

Melting occurs above a temperature linil,

Internal energy for Ti

IES]—D,S i 45//' coee ....
e I Lis= 0,2 eV/at .~ e =7
IEus.o!6 1€ 3
0,5 -
= 0,4
0,3
0,2 1
0,1

Trackradius
A Fluence max

.
.
.
.
----------
.

IE (eV/a

v
Tq= 1973°K Tgy= 2610°K

I I I 1
0 500 1000 1500 2000 2500 3000
Teq=600°K  Temperature (K)
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